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The  Hi '.MU  [ Col  1  eel  or- free  Electrical  Machine  Ame  1  i  1  ier  j  and  fn- 
qucticv  t  rans formers  that  we  developed  a I'r  two- cascade  and  integrated. 
The  first,  cascade  is  essentially  a  synchronous  machine.  Hut  the  si  te 
of  the  air  gap  in  then  is  adopted  as  in  asynchronous  machines.  It  can 
be  expected,  therefore,  that  without  the  use  of  stabilizing  resources, 
the  external  characteristics  of  the  synchronous  cascade  will  have  a 
steeply  dipping  nature.  Experiment  confirms  Lhis. 

The  existing  methods  for  stabilizing  voltage  by  using  feedback 
are  more  suitable  for  transformers  and  amplifiers  of  direct  current  and 
fixed  frequency.  In  transformers  and  amplifiers  with  controllable? 
frequency ,  the  use  of  feedback  results  in  an  additional  load  of  the 
controllable  semiconductor  collector  (UPK)  that  with  large  limits 
of  frequency  regulation  can  surpass  the  rated  output  ( w i th  base 
frequency)  several  times.  In  other  words,  the  presence  of  feedback 
through  the  UPK  results  in  a  decrease  in  the  rated  loading  of  the 
machine . 

This  forces  us  to  search  for  new  methods  of  stabilizing  the 
voltage . 

We  have  suggested  a  method  for  improving  the  rigidity  of  the 
external  character! sties  of  the  synchronous  cascade  of  the  machine 
by  reducing  the  effect  of  the  demagnetizing  action  of  the  armature 
reaction  with  the  help  of  a  special  design  of  the  rotor  winding  called 
"zigzag." 

The  essence  of  this  winding  design  is  that  each  phase  of  the  vindin 
is  divided  into  parts  that  are  shifted  in  space  in  relation  to  each 
other  at  a  certain  angle  a  (fig.  1). 

As  a  result  of  this  connection,  a  shift  is  created  between  the 
main  flux  and  the  flux  of  the  armature  reaction.  As  a  result,  the 
demagnetizing  effect  of  the  armature  reaction  is  diminished.  The 
resulting  electromotive  force  (e.m.f.)  of  the  machine  is  also  reduced, 
but  insignificantly,  in  any  case,  to  a  lesser  degree  than  the  de¬ 
magnetizing  effect,  of  the  armature  reaction  is  reduced. 

Logic  predicts  that  phase  division  into  two  equal  parts  will  he 
the  best.  [Illegible]  the  following  calculated  formula: 
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A  ii 


iij>i:  w, 

K'.,  K  ji  ■- 


m--  number  of  witn!  inv,  phase-:;, 

£  -  -  v  .  n: .  £  .  £  requeue v  , 

u  q- -in.’ignot  ic  pena-.r!  i  In  f  y  of  air, 

K  -  -winding  coef  £  iv.  i  ent  , 
w 

W  --number  of  winding  loops. 


K6- -coefficient  of  air  gap, 
Kn- -saturation  coefficient  , 
p- -number  of  polo  pairs, 

6 --size  of  air  gap. 
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Figure  1 . 


Analogously,  the  derived  expression  for  the  inductive  resistance 
of  the  winding  when  it  is  connected  on  the  "zigzag"  plan  looks  like: 


XpZ  •  l(W,  I-  w,  cos'*)7-!  (W,  . 


<2> 


On  the  condition  that  the  number  of  winding  loops  of  the  "zigzag” 
Wz=Uj+l?2  equals  the  number  of  loops  of  the  normal  winding  V.'p,  we 
obtain 


'P 
Kv.j 
K\v 


Xp*  ...  Ktt,i(\Vi  +  \V7cos  fj)?  (  (\V..  sin  u)') 
Xn  K*-  (\V,  !  \Vj) s 

2\Vi\V2 


,  ,  2W,\Vj  /  ,  \] 

1  '  ~(\v,  \  w.y  )\- 


(3) 
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Figure  2.  External  Characteristics  of 
Cascade  with  f  =0. 

y 

The  optimal  ratio  of  the  number  of  loops  and  VIp  .  and  the 
optimal  value  of  angle  a  are  obtained  after  the  partial  derivatives 
of  expression  (3)  are  equated  to  zero, which  arc  equal  to: 


H) 


The  presented  experiments  completely  confirm  this  conclusion.  A 
model  was  created  for  the  study  in  overall  dimensions  of  AOK  k'l-k. 

The  armature  winding  was  placed  on  the  rotor.  The  following  types 
of  windings  were  studied: 

1)  standard  loop  winding  with  number  of  loops  W  . 

2)  "zigzag"  winding  with  Eh  with 

A  study  was  made  of  the  effect  of  angle  a  on  the  rigidity  of 
external  characteristics,  with  frequency  of  the  control  field  f  =0. 

The  testing  results  are  presented  in  figure  2  in  the  form  of  the 
relationship  U=f(l).  It  is  apparent  from  the  figure  that  with  ci=90° 
(curve  1),  the  external  characteristics  are  more  rigid  than  with 
a=60°  (curve  2)  and  u=0  (curve  3). 

The  developed  plan  of  "zigzag"  winding  with  a=90°  is  presented  in 
figure  3. 

Thus,  the  connection  of  winding  by  "zigzag”  significantly  in¬ 
creases  the  rigidity  of  the  external  characteristics  of  the  machine. 


3 


-  -V.  -  *-> - 1  *. 


s  /X'  -  - 

/n  /  N.X'- 


/\x 


X " \X/'v>x  ^>x 
>?">•  m  V"n 


■.  i 

i  i 

I  ) 

1  i 


II  I  M  I|  1 1  < 

:  :  i!  1:  : 

^V//x/X 
I  kX"  T'iS^ 


XXiiXX 


FinAoe  ?•  Developed  Plan  of  "Zigzag"  binding  v.'ith 
a  =90  el.  ' 

However,  the  most  indicative  are  the  regulating  characteristics  (fig. 
M  that  were  obtained  with  a  fixed  control  field  f  =0  and  e.m.f.  fre¬ 
quency  of  the  rotor  f  =100  Hz.  y 

It  is  apparent  from  the  curves  that  with  small  load  currents, 
m  order  to  obtain  the  same  voltage  at  the  outlet  when  the  winding 
is  connected  on  the  "zigzag"  plan,  greater  power  of  machine  excitation 
is  required  (curve  1)  than  with  normal  winding.  However ,  with 
currents  close  to  the  rated,  the  pattern  is  drastically  altered.  This 
indicates  that  the  amplification  coefficient  of  the  cascade  with  a 
normal  load  will  be  considerably  greater  for  "zigzag"  winding  since 
the  control  power;  for  both  windings  arc  classified  as  squares  of 
currents. 

For  example,  with  power  P=4  kW ,  the  following  amplification  coef¬ 
ficients  were  obtained: 

Ky=37  for  normal  winding, 

V-54  ^or  ^lc  iguag"  plan. 

It  is  especially  important  that  these  relationships  that  were 


Fi  j’uri'  b  present  a  i  he  i  xt  cra;i]  and  lvr.ul  at  inj’  elm  roc  t  er  i s  l  i  cs  rd 
the  cascade  i  ho  l  v.v>  f  ;  olu  n  v:  i  i  h  f reruencv  of  tin?  control  field  f  •• 

y 

30  l!::.  This  yields  an  e.m.f.  frequency  in  tin  rotor  v.'imiin;;  of 
f  130  Ik: .  Lt  is  apparent  from  t  lie  curves  that  during  regulation  of 
the*  frequency,  the  rigidity  of  the  external  characteristics  for  the 
"xi  gxug"  plan  (curve  1)  is  considerably  greater. 

It  should  also  he  noted  that  when  working  on  the  capacitance  load  , 
(for  example,  with  attachment  of  the  compensating  capacitance  to 
the  cascade  outlet),  the  winding  that  is  connected  on  the  "zigzag" 
plan  acts  in  the  same  way  as  the  normal  winding.  The  external  charac¬ 
teristics  of  the  cascade  in  a  capacitance  load  are  given  in  figure  6. 

Thus  ,  the  use  in  transformers  and  amplifiers  of  the  integrated 
type  of  a  winding,  connected  on  the  "zigzag"  olan  instead  of  the  normal 
winding,  increases  the  rigidity  of  the  external  characteristics  of  the 
cascade  and  reduces  the  control  power  with  rated  load.  This  is 
especially  important  for  machines  with  controllable  freouenc.y. 
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